Previous studies show that the tensile property of woven fabrics is influenced significantly by the thickness change of yarns at cross-over point of warp and weft yarns when the fabric is subjected to extensional deformation. This thickness change is an important characteristics as well as tensile property of yarns relating to the tensile property of fabrics.
Introduction
In the stretched state of woven fabrics, warp and weft yarns compress each other at their cross-over points. The lateral compressional force at the cross-over point is generated by the yarn tension when the fabric is stretched as shown in Fig. I . The yarn thickness at the cross-over point is changed by both the compressional force and the yarn tension. The finite deformation theory of fabrics~l,21 shows that the change of the yarn thickness has a large effect upon the tensile property of woven fabrics especially in the initial extension region. For the precise design of the tensile property of fabrics, the yarn compressional property by the lateral compressional force under tension should be controlled as well as yarn extensibility. 3,14,153 However, there has only been few papers~4-8 on the compressional property of yarns, and they did not aim at such a peculiar object as dealed here.
Authors have tried two experiments.~1,9J One is the lateral compression test of yarn by two parallel plates under yarn tension,'' which used KES-F3'2'131 compression tester fixed with a specially designed adapter. The compressional property of yarns at the actual cross-over point in weave was estimated from the data obtained by this method with the help of empirical correction.~l1 The other is the direct measurement of the thickness of crossing yarns under tension by microscope~9 which has been applied to the measurement of the yarn thickness in knitted structure by Kawabata et a1.~9~ The former has the difficulty in the empirical correction which is necessary because the deformation mode of yarn between two parallel plates is so different from that of the real yarn at the cross-over point. The latter also has a dif- 
Principle of Experimental Apparatus
A steel (piano) wire of 0.5 mm diameter is fixed on a hori- 
The yarn thickness in the cross-over point is measured by a LDT (Linear Differential Transducer) having a needle sensor contacting at the top of the yarn surface with a small cornpressional force of 100 mg, and is recorded as a function of yarn tension, or contacting force F~ given by Eq. (1). The yarn tension is detected by a force transducer and recorded.
Another variety of the wire method is to use the wire having a V-shaped groove at the cross-over area as shown in Fig. 2(b) . This simulates the real intersecting state of yarns in fabrics. The result by this method is compared with that by the straight wire method. Now, the straight wire method is named just "wire method" and the other "V-wire method". The V-wire method is designed to minimize the scattering of data caused by the unstable compressional deformation of yarn cross-section on the straight wire. The groove shape is shown in Fig. 2(b) and the curvature at the groove bottom is equal to the wire diameter.
On the other hand, in order to compare the deformation of the yarn cross-section in real fabrics with the thickness change measured by these wire methods, the fabric thickness under the equal biaxial extension (the biaxial deformation mode where stretch ratios along warp and weft directions are the same) is measured to estimate the yarn thickness in fabric under tension.~l11 This principle is based on the assumption that the fabric thickness is equal to the sum of both the warp and weft yarn thickness. In this experiment, the equal biaxial extension as mentioned above is used because weave crimp decreases of warp and weft yarns are nearly equivalent to each other by the equal biaxial extension and the unbalanced rise of either warp or weft weave crimp may be avoided by this deformation mode of fabrics. The measurement of the fabric thickness is shown in Fig. 4 
Experiment
Two samples of worsted yarns shown in Table 1 are used for this testing. WY8 yarns are softer and relatively bulky compared with standard yarns, and are high quality yarns. WY6 yarns are a little harder to compression compared with WY8. Two fabric samples woven from each of these yarns are prepared for confirming that the tensile properties of these fabrics are well predicted by the theory using the yarn compressional data obtained by the wire methods. The fabric woven with WY8 is denoted by WF8, which has higher FUKURAMI (softness and fullness) hand and is more extensible compared with the fabric woven with WY6 denoted by WF6. Details of these samples are shown in Table 1 . The measurement by the wire method is carrid out for yarns before and after weaving. In the latter measurement, the yarn is picked out from the woven fabric and the measurement is The extensibility of the fabric WF6 is much smaller than that of standard men's suiting. Both WF8 and WF6 have similar yarn density and fabric weight to those of standard men's suiting used in Japan.
The yarn is stretched by a constant rate of extension to induce the compressional force F~ in Eq. (1), and the yarn thickness at the cross-over point of yarn and the wire is measured as a function of F~. Before measuring, the test yarn has taken a compressional-recovery cycle by a constant rate of yarn extension on the wire in order to stabilize the crosssectional shape of yarn on the wire, and the second cycle curve is chosen for the compressional property. More than 10 measurements are carried out on the different parts of the yarn, and they are averaged to eliminate the effect of yarn thickness irregularity. 4 . Results
Effect of Steel Wire Diameter
In order to inspect the effect of the wire diameter on the result, WY8 is tested by the wire method varing the wire diameter. The initial yarn thickness Do, and the thickness at 10 gf of F~, expressed by D10, are shown in Figs. 5(a) and 5(b) for R-WY8 and W-WY8. Scattering of the data are shown in these figures. Both figures show that the influence of the wire diameter on the yarn thickness is observed, but not so significant. The similar result was obtained with WY6 also. Both Do and D10 of yarns after weaving (W-) are smaller than those before weaving (R-). This is caused by the flattening of yarn thickness during finishing process. In the wire method, the compressional property of yarns having weave crimp can be measured by hanging the crimped yarn on the wire. This is a strong point of the wire method because we can observe the property of real yarns in fabric, and this is important for inspecting the validity of the wire method for fabric design.
The scattering of W-yarns is almost the same as that of Ryarns.
Similar experiments were carried out for V-wire method, which show that both Do and D10 are influenced by the wire diameter and increase with decreasing the wire diameter as shown in Figs. 6(a) and 6(b) . Thickness of R-WY8 put at the bottom of the V groove becomes larger than that of the wire method. This is caused by the narrow space in the V-shaped groove which increases the height of yarn cross-section. Results are shown in Table 2 with standard deviations and coefficients of variation. There is no significant difference between the standard deviations in the data obtained by the wire method and the V-wire method. 4D curve for R-WY8 at 0.5 mm wire diameter is shown in Fig. 7 to compare the wire method with the V-wire method. The wire method seems to be better than the V-wire method bacause of its simplicity.
The effect of the yarn inclination angle against the hori- Comparison between wire and V-wire methods with respect to Do and D10 measured by both methods tension. In Fig. 8 , F~ estimated by the above mentioned method in the parallel plate method is shown. Empirically,~8~ the yarn compressional deformation by parallel plates is multiplied by 1 /2 when the result is applied to the biaxial extension theory. Estimated from the tensile property of the fabric, WF6, where the yarn compressional deformation is not considered Fig. 11 The fabric thickness change for WF8 (obs.), estimated from yarn thickness observation by wire method (1), and by plate method (2) Fig. 12 The fabric thickness change for WF6 (obs.), estimated from yarn thickness observation by wire method (1), and by plate method (2) 5. Discussion
Results of the wire method in the relationship between 4D
and F~ are almost the same as those by the V-wire method.
In the view of experimental operation, the wire method is easier than the V-wire method because by the V-wire method, we have to insert the yarn into the groove not to make the In order to estimate the compressional property of the yarn in the finished fabric, one of the empirical methods used so far using the data by the parallel plate method is that; the compressional property of the yarn before weaving is measured in two yarn tension states, one is in no tension state and the other in the stretched state in which fibers in the yarn cross-section attain almost the closest packing with yarn stretch ratio A. The average properties of these two measurements are calculated. Then, the half of this mean compressional deformation 4D is used to calculate the fabric tensile property. As seen in this paper, it is confirmed that the results obtained by the empirical method mentioned above and those by the wire method agree well for the yarn sample W-WY. It is a strong point of the wire method that any empirical adjustment of data is not required. The wire method provides directly the data relating 4D with F. It should be noted however, that the theoretical or empirical correction of data is needed considering finishing conditions if the fabric tensile property is predicted based on the compressional property of the yarn before weaving. The equal-biaxial tensile property of the fabric woven by incompressible yarns is also shown in Fig. 14 by symbol NC.
It is shown that the lateral compressional property of yarns plays a very important role in the fabric tensile property.
Conclusion
The lateral compressional force acting between warp and weft yarns is generated at the cross-over points of these yarns when the woven fabric is subjected to tensile deformation. The change of the yarn thickness at the cross-over point is caused by this force and the yarn tension. This thickness change is an important parameter to design the tensile property of woven fabrics. The wire method has been developed to measure this compressional property of yarns. Results are concluded as follows :
The yarn thickness change at the cross-over region of warp and weft yarns in woven fabrics can be measured well by the wire method developed here. This method measures directly the yarn thickness change caused by both the lateral compressional force at the cross-over point and the yarn tension. This thickness change 4D was obtained as a function of the lateral compressional force only, because the compressional force is induced by the yarn tension in the wire method which simulates the actual situation occuring in the extension of fabrics. The wire method provides directly the yarn lateral compressional property for the theoretical calculation of fabric tensile property. Some measuring conditions have been examined such as the selection of various wire diameters and the use of the wire having a V-shaped groove instead of a straight wire. The effect of the wire diameter on the result of the yarn compressional property is small. There is no significant difference between the results by the wire and the V-wire methods. The wire of 0.5 mm diameter has been decided as the standard diameter for the wire method. It has been confirmed that the fabric tensile property calculated theoretically on the basis of the yarn compressional property measured by the wire method predicts well the experimental results of fabric tensile property. The lateral compressional property of yarns measured by the wire method should be considered to be one of the important characteristics of yarn mechanical property.
Main part of the content of this paper was presented at the 9th Textile Research Symposium at Mt. Fuji, 1980. 
